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A ⊆ V × V \ {(u, u) :














(u, v) ∈ A
ÀOÄ»X´4¸ÆµZ´º¯±ÇÀOÄ






















(u, v) ∈ A
µZ¼






























e(u, v) = e(v, u)
ÄâµZ¼0»X¯±¯
























e(u, v) = σ(e(v, u))
ÄIµZ¼»X¯±¯































D × D 
Á»X³@­
e′(u, v) =
(e(u, v), e(v, u))
»X´4¸
σ((i, j)) = (j, i)
ÄâµZ¼»X¯±¯











(0,0) (0,1) (1,0) (1,1)











































































{X ′, Y ′}
ÙÁS¬4­°´
{X ∩X ′, Y ∪ Y ′}
Ù
{X ∩ Y ′, Y ∪X ′}
Ù
{Y ∩X ′, X ∪ Y ′}
»X´4¸








Ô ) (2 /$IÔ $IÔ ,XÖÀOÄ/ÄIµZ¼r»X¯±¯
{X,Y }
»X´4¸
























































e } = {A
1
e ∩ Leaves(T ), A
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u, u′ ∈ X
Ù
e(v, u) = e(v, u′)
»X´4¸



























































v, v′ ∈ X
Ù















v, v′ ∈ X
Ù

















X = X1 ∪X2
»X´4¸




















































0˙ u a = a u 0˙ = a
É
+































(a u b) u c = a u (b u c)
É
:
































V = X ] Y
ÓNÔ6ÕGÖ]Õ
X ∪ Y = V
»X´4¸
























(i, j) ∈ D2
»X´4¸
(u, v) ∈ (Xi, Yj)
Ù
e(u, v) = i u j
Éàá­¿SÁ»X¼SÁ;®;À±ÁS¬Æ¿µZ¶ﬃ­r­]»Z¿SÇµZÐ4¿­°¼SêZ»XÁSÀÂµZ´4¿bÉ

















V ′ ∩X 6= ∅
(
36ﬃ
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a, b, c, d ∈ V
1
 







{a, c} ⊆ X
(
3 ﬃ




e(c, d) = e(c, b) u e(a, d)−˙e(a, b)
Õ






































X ∩X ′ 6= ∅
(
36ﬃ
Y ∩ Y ′ 6= ∅
Õ C<+£Ö
3

























(u, v) ∈ (Xi, Yj)
Ù

























e(u, v) = i u j
É
À±´4½(­
Y ∩ Y ′
ÀÂ¿r´4µZ´£²E­°¶¾ºÁEÇ@Ù¯Â­°Á
v ∈ Y ∩ Y ′
Ù=»X´4¸ñ¯Â­°Á
j, j′ ∈ D
¿S¹4½¬ñÁS¬ﬀ»XÁ





w ∈ X ∩ X ′
Ù;»X´4¸ï¯Â­°Á
i, i′ ∈ D
¿S¹4½¬íÁS¬ﬀ»XÁ




e(w, v) = i u j = i′ u j′
É
«¬R¹4¿
X ∩X ′ =
⊎




u ∈ Y ∩ Y ′
Ù
e(w, u) = i u k = i′ u k′
ÓG®;À±ÁS¬




k′ = i−˙i′ u k = j′−˙j u k
Ù4»X´4¸
Y ∩ Y ′ =
⊎



























u ∈ X ′′i
»X´4¸
v ∈ Y ′′k
Ù
e(u, v) = i u k
ÉÒ«¬¹4¿

























f(a u b) = f(a) u f(b)
ÄâµZ¼r»X¯±¯













































































e(u, v) = a u b
É#M­°Á
X ′a = Xσ(a)
»X´4¸






















u ∈ X ′a
»X´4¸
v ∈ Y ′b
Ù
e(u, v) = σ(a)uσ(b)−˙σ(0˙) =
f(a) u f(b) u σ(0˙) = f(a u b) u σ(0˙) = σ(a u b)
Ù »X´4¸




























{X ′, Y ′}
Ù£ÁS¬4­°´












































































{X ′, Y ′}
Õ C<+ºÖ
3











v ∈ Y ∩ Y ′
Ù
w ∈ X ∩ Y ′
Ùº»X´4¸p¯Â­°Á
(j, j′, l, l′) ∈ D4
¿S¹4½¬ÁS¬ﬀ»XÁ
















Y ∩ Y ′ =
⊎











X ∩ Y ′ =
⊎





X ′′k = (Xk ∩X
′
kuj−˙j′





Y ′′k = (Yk ∩X
′
kul−˙l′





u ∈ X ′′k
»X´4¸
v ∈ Y ′′l
Ù
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(X ∪ {y}, e|X∪{y})
»X´4¸
G2 = (Y ∪ {x}, e|Y ∪{x})
®;À±ÁS¬Ò»X´á»Z¸º¸£À±ÁSÀÂµZ´ﬀ»X¯5 (2 ﬁZÖ. $0 Ôc)-ÂÖ/$
(x, y, α)
ÙM®;¬4­°¼­































(V1 ∪ V2, e)
®;¬4­°¼­
e(a, b) = e1(a, b)
ÄâµZ¼»X¯±¯
a, b ∈ V1 \ {y}
Ù
e(a, b) = e2(a, b)
ÄâµZ¼z»X¯±¯
a, b ∈ V2 \ {x}
Ù/»X´4¸
e(a, b) = e1(a, y)−˙α u e2(x, b)
ÄâµZ¼z»X¯±¯
a ∈ V1 \ {y}
»X´4¸































(G1, G2, (x, y, α))


























Y ′ ( Y
Õ C<+ºÖ
3














































a ∈ D ×
¿S¹4½¬éÁS¬ﬀ»XÁ










e(u, v) = aub
ÄIµZ¼/»X¯±¯
u ∈ X ′a
»X´4¸
























c, d ∈ D
¿S¹4½¬ﬃÁS¬ﬀ»XÁ












u ∈ X ′′a
»X´4¸
v ∈ Y ′′b
ÉÊEÄ
u ∈ X ′a
ÁS¬4­°´





e(u, v) = e(u, y)−˙αue(x, v) = aub
¿SÀ±´4½(­
e(u, y) = a−˙d−˙cuαud
»X´4¸

























































(G1, G2, (x, y, α))


























Y ′ ∩ Y
ÕC<+£Ö
3
{X ′, Y ′}











{{x} ∪ Y \ Y ′, Y ′}










































v1, . . . , vn
µXÄÁS¬4­0ê@­°¼SÁSÀÂ½(­(¿¿S¹4½¬
ÁS¬ﬀ»XÁÄIµZ¼~»X¯±¯




(i, j) 6= (1, n)
Ù







































523 & 3 52387


















































































































































































































!^$ +ºÖ. SÖÔ 1

































ÀÂ¿´4µZÁÈ»è¿Á»X´4¸4»X¼¸ ¸º­(½(µZ¶¾µ9¿À±ÁSÀÂµZ´ ÁS¬4­°´ ÁS¬4­°¼­ñÀÂ¿»è¿SÀ±¶¾º¯Â­ñ¸º­(½(µZ¶¾µ9¿SÀ±ÁSÀÂµZ´ À±´ ÁS¬4­
¿­(Ë¹4­°´4½(­áµXÄﬃ¸º­(½(µZ¶¾µ9¿À±ÁSÀÂµZ´4¿È®;¬ºÀÂ½¬ ÀÂ¿´4µZÁ·¿SÁS¼µZ´ºÅ4É M­°Á





















































































































{(0, 0), (1, 0), (0, 1)}
Ù
®;À±ÁS¬
σ((i, j)) = (j, i)
ÄIµZ¼







































































G = (V, e)
»X´4¸
































































































































































































u0 = u, u1, . . . uk = v
¿¹4½¬ÈÁS¬ﬀ»XÁÄIµZ¼Q»X¯±¯
i ∈ {0, . . . k − 1}
Ù































àá­ÁS¼»X´4¿ÄâµZ¼S¶ µZ¹º¼r¾º¼µZÐº¯Â­°¶ À±´RÁµ»ß-² 
ð





































Gf = (V \ {u, v}, Ef )
®;À±ÁS¬
Ef = {(w, t) : w, t ∈
V \ {u, v}
»X´4¸
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G1 = (V1, e1)
»X´4¸
















































v2, . . . , vk, v
′




v2, . . . , vk, v
′
















































































{v1 = y, . . . , vk}
»X´4¸



















v2, . . . , vk, v
′




v2, . . . , vk, v
′












































































































































e(u, v) = αu
f(u)uσ(f(v))
ÄIµZ¼»X¯±¯



















Xa = {v ∈ X : a = f(v)}
»X´4¸






















a, b, c, d ∈ V
Ù














a, b, c ∈ V 









e(d, a)−˙e(d, b) = e(c, a)−˙e(c, b)
e(d, b)−˙e(d, c) = e(a, b)−˙e(a, c)
e(d, c)−˙e(d, a) = e(b, c)−˙e(b, a).
«¬R¹4¿
e(a, b) u e(b, c) u e(c, a) = e(b, a) u e(c, b) u e(a, c)
= σ(e(a, b)) u σ(e(b, c)) u σ(e(c, a)).
 »Z¿­Ø
 |V | = 4
ÉàÉ ¯6É µºÉ Å
V = {a, b, c, d}
É M­°Á

α = e(a, b) u e(b, c) u e(c, a)
f(a) = −˙e(b, c)
f(b) = −˙e(a, c)
f(c) = −˙e(b, a)−˙e(a, c) u e(c, a)






f(a) u σ(f(b)) u α = −˙e(b, c)−˙e(c, a) u e(a, b) u e(b, c) u e(c, a)
= e(a, b)
f(a) u σ(f(c)) u α = −˙e(b, c)−˙e(a, b)−˙e(c, a) u e(a, c) u e(a, b) u e(b, c) u e(c, a)
= e(a, c)
f(b) u σ(f(c)) u α = −˙e(a, c)−˙e(a, b)−˙e(c, a) u e(a, c) u e(a, b) u e(b, c) u e(c, a)
= e(b, c)
f(a) u σ(f(d)) u α = −˙e(b, c) u e(a, d) u e(b, c)−˙α u α
= e(a, d)




f(c) u σ(f(d)) u α = −˙e(b, a)−˙e(a, c) u e(c, a) u e(a, d) u e(b, c)−˙α u α
















(V \ {v}, e)
ÀÂ¿~¸º­°Å@­°´4­°¼»XÁ­(¸Ò»X´4¸ÈÁS¬¹4¿~ÁS¬4­°¼­ÀÂ¿r»




u, v ∈ V \ {v}
Ù






f(w) = f ′(w)
ÀOÄ
x ∈ V \ {v}
»X´4¸
f(v) = e(v, u)−˙σ(f ′(u))−˙α
É
f(u) u σ(f(v)) u α = f ′(u) u e(u, v)−˙σ(σ(f ′(u)))−˙α u α
= e(u, v)
M­°Á
w ∈ V \ {u, v}
»X´4¸
x ∈ V \ {u, v, w}
É
f(w) u σ(f(v)) u α = f ′(w) u e(u, v)−˙σ(σ(f ′(u)))−˙α u α
= f ′(w)−˙f ′(u) u e(u, x) u e(w, v)−˙e(w, x)
ÓGÐRÇ  8¯{»XÀ±¶ Ø
×



















(G = (V, e), u, v)
+




G = (V, e)
»X´4¸






















f2(v) := e(u, v)
 
*3, (ﬁ,L(+,.8
w ∈ V \ {u, v}
f1(w) := e(w, v)−˙e(u, v)
f2(w) := e(u,w)
Ef := {(w, t) : w, t ∈ V \ {u, v}
»X´4¸
f1(w) u f2(t) 6= e(w, t)}
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V \W \ {u, v}
*(ﬃ!  ﬃ! 
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(G,P)
+




























































P1 := {P ∈ P : P ⊆ X}







,ﬃ(4 6ﬃ , '




 ﬃ '71ﬁ 63"*(' ﬃ!"#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(!
(G)
+




G = (V, e)








P := {{v} : v ∈ V }
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